Absorption spectra and room temperature fluorescence variations upon light excitation were studied in etioplasts in which the protochlorophyllide had been reduced to chlorophyllide prior to the experiment. In the presence of 1 mM NADPH, the absorption band was located around 682 nm and the fluorescence variations reflected the occurrence of the chlorophyllide microcycle (reversible phototransformation of chlorophyllide P682 into chlorophyllide P678). whereas, in the absence of NADPH, the absorption band was located around 676 nm and the fluorescence exhibited only a slow decrease with illumination time. After washing, NADPH-treated etioplasts still exhibited an absorption maximum of 682 nm, which shifted irreversibly to 678 nm upon illumination. Re-addition of only 10 |im NADPH restored the reversibility of the reaction. Plas tids were also prepared after a brief illumination of the intact leaves. These plastids contained the P682 chlorophyllide. In this preparation, essentially the same phenomena were observed as in NADPH-treated etioplasts after washing. Moreover, enzymic oxidation of NADPH resulted in the transformation of P682 into P678 in darkness. Addition of the Hill electron acceptors 2,6-dimethylbenzoquinone on FeCN caused an acceleration of the phototransformation of P682 into P678. We interpret these results as being due to the oxidation of NADPH during the phototrans formation of P682 into P678. The nature of the electron acceptor and the physiological role of this reaction is discussed.
Introduction
is also observed under blue light excitation but the amplitude of the fluorescence changes is then smaller than in red light (Fig. 1C ) , may be due to screening effects by carotenoids. In the intact leaf, the P682 chlorophyllide is the product of a dark shift which follows the formation of the P678 chlorophyllide upon illumination of the active protochlorophyllides P650 and P638 (reactions (1) and (2) in Scheme I). 
Scheme I
The chlorophyllide microcycle that occurs upon il lumination of leaves in which P682 has just appeared, can be conveniently described by the interplay o f the light reaction (3) and the dark reaction (4), where P682 exhibits a lower fluorescence yield than P678 at room temperature.
The physico-chemical nature of the reactions in volved in the microcycle is unknown. It has been suggested by Oliver and Griffith [3] that the product P678 o f protochlorophyllide reduction (reaction (1)) is a ternary complex between chlorophyllide, the en zyme protochlorophyllide reductase and N A D P +. In P682, N A D P~ would be replaced by N A D P H (reac tion (2)). Since illumination of P682 apparently re stores the P678 species, one would predict that N A D P H is oxidized or replaced by N A D P + in the light during reaction (3). In order to check the validi ty of this hypothesis, we have studied the influence of the nucleotide on reactions (2), (3) and (4) in iso lated plastids. The effect of som e redox mediators on this system is also reported.
Materials and Methods
Etiolated oat plants Avena sativa were grown on soil for seven days in com plete darkness at 24 °C. The seedlings were either used directly in the experi ment or transferred to white light (800 lux) for the indicated length of time.
Broken etioplasts were obtained from cut-off leaf sections of the etiolated plants. 80-100 g of leaves were cut to small pieces with scissors and suspended in 300 ml of cold buffer, pH 7. Plastid isolation was then carried out as described above, except that buffer 3 was used. A fter the sec ond centrifugation, the intact plastids were resus pended in the same buffer, with E D T A om itted, and used directly in the experiment.
All experim ents were performed under a green safety light. Fig. 2C , trace 1) . The samples which had been incu bated with N A D P H had a lower fluorescence yield at the beginning o f the illumination (Fig. 2C , traces 2  and 3) ; their fluorescence emission slowly increased and reached a steady-state maximum w hose am plitude decreased when higher N A D P H concentra tions were used during the incubation period.
In this experim ent, it was not possible to decide whether the effect of N A D P H on the fluorescence Fig. 2 . Effect of NADPH in broken etioplasts. NADPH was added before a 15 sec red light illumination; the latter was followed by a 40 min in cubation in darkness prior measurements. A: absorb ance spectra without (1) kinetics operates during the fluorescence measure m ent or during the incubation period, or both. To resolve this problem , we first prepared P682 contain ing broken etioplasts as described above, using a 1 mM N A D P H concentration; we then removed the excess N A D P H by washing. For this purpose, we diluted the sample by 100 times in buffer 3 (which proved to be more suitable during such treatment) and precipitated the etioplasts by centrifugation at 8000 x g for 10 min. The pellet was then resus pended in buffer 2. After such treatment, the etio plasts still exhibited an absorbance maximum at 682 nm (Fig. 3 A , trace l a ) , indicating that the pres ence o f the P682 chlorophyllide was no more depend ent on the presence of N A D P H in the medium. U pon illumination by blue light at room tempera ture, the fluorescence intensity started from a low level and reached a maximum within some 40 sec. (Fig. 3 B , trace la ) . When the absorbance spectrum was recorded after such blue or red illumination the absorbance maximum was shifted irreversibly to 678 nm (Fig. 3 A , trace lb ) . A t a second illumina tion, the fluorescence increase could not be repeated (Fig. 3 B , trace lb ) nor did the chlorophyllide ab sorbance band shift further.
In the presence of only 10 |j.m N A D P H , the am plitude of the fluorescence increase was strongly re duced and an identical fluorescence kinetics was observed at each successive illumination (Fig. 3 B ,  traces 2 a and 2 b) . The absorbance spectra recorded before or after each illumination had a maximum located at 682 nm (Fig. 3 A , traces 2a and 2b ) . The specific role of N A D P H in the chlorophyllide microcycle could be well demonstrated by an experi ment in which plastids were isolated from leaves in which the formation of the P682 chlorophyllide had already occurred. Thus, we subjected etiolated leaves to a 5 min illumination by white light and then rapidly prepared intact plastids following the proce dure described in methods. Their absorbance spec trum showed a main absorbance peak around 682 nm (Fig. 4 A , trace la ) , indicating that these plastids contained the P682 chlorophyllide species as it is produced in the leaf. We thus labelled this prepa ration PL (682). Upon illumination of PL (682) by blue or red light, the same processes as those re ported upon illumination of washed, P682 containing broken etioplast were observed: a slow, irreversible fluorescence increase and an irreversible absorbance shift to 678 nm, corresponding to reaction (3) in Schem e I (Fig. 4 A and B, traces l a and lb ) . Again, addition of small concentrations of N A D P H allowed reaction (4) to occur, resulting in the reversibility of these changes (Fig. 4 A and B, traces 2a and 2b ) .
In PL (682) preparations in which no exogeneous N A D P H was used, we found that a short, dark incu bation (5 min) with the enzym e glutamate dehydro genase (see m ethods) resulted in a dark absorbance shift from 682 to 678 nm (Fig. 4 A , trace 3) . A fter that treatm ent, the sample exhibited a high fluores cence yield at the beginning o f the illumination fo l lowed by a slow decrease (Fig. 4 B , trace 3 (Fig. 5, traces  1 and 2) . A n effect of the same kind was observed when 1 mM FeCN was added, although in a less pro nounced way than with D M B Q (Fig. 5, trace 3) . FeC N did not have any effect on the absorption spec trum of the sample before the illumination, while D M B Q induced a slight shift towards shorter wavelenghts (not shown). Addition of these com pounds did not modify the effect of N A D P H to allow the reversibility of the fluorescence increase. Therefore, a rapid fluorescence increase could be repeated upon successive illumination of PL (682) in the presence of both D M B Q and N A D P H (Fig. 5, traces 4a and b) . The physiological role of the reaction involved in the chlorophyllide microcycle may be questionable, since continuous consumption of N A D P H is not ex pected to present any advantage for the organism. In our previous paper [9] we have suggested that these reactions might com pete with pigment photooxida tion, therefore protecting to som e extent the newly form ed chlorophyllide against intense irradiation. A nother hypothesis is that these reactions would rep resent som e precursor activities to the normal photo synthetic reactions. This idea is in contrast to the current concept that the pigments belonging to the microcycle are bound to the 36 Kd peptide whose unique function would be the reduction of proto chlorophyllide into chlorophyllide. It is known, how ever, that the product chlorophyllide is not released im m ediately as a free m olecule as would be ex pected. Our observation here is that plastids contain ing a stable P682 chlorophyllide-protein com plex can be obtained from shortly irradiated leaves. Even af ter the Shibata shift, chlorophyllide is found to be bound to one or several polypeptides [10, 11] . It must be pointed out also that oxygen evolution in etiolated leaves appears after only two short illum i
